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I.  INTRODUCTION 

The  Army  is  In  the  process  of  developing  the  XM91Q  training  round  to 
simulate  the  25  mm  XM919  APFSDS  service  projectile.  BRL  is  responsible  for 
providing  data  in  support  of  this  program.  In  order  to  insure  a  proper  bal¬ 
listic  match  to  the  service  round,  it  is  necessary  to  acquire  data  on  the 
flight  performance  of  the  training  round.  This  report  presents  the  results  of 
aerodynamic  studies  of  a  group  of  XM910  candidate  configurations. 

The  primary  training  round  ballistic  requirements  are: 

1.  Less  than  1  milliradian  center  of  impact  difference 
from  the  XM91 9  over  the  range  of  1000  to  2000  meters. 

2.  Dispersion  within  10  percent  of  the  XM919  dispersion. 

3.  A  maximum  range  of  less  than  8000  meters. 

An  additional  requirement  is  to  have  a  visible  trace  to  2000  meters.  It 
is  also  very  important  to  keep  the  unit  cost  to  a  minimum  because  training 
rounds  are  expended  in  large  quantities. 

Since  the  XM919  is  a  long-rod  projectile,  it  is  expected  that  the  best 
training  round  configuration  for  matching  both  gravity  drop  and  jump  would 
also  be  a  long  rod.  The  simplest  long  rod  training  round  design  is  a  copy  of 
the  XM919  U3ing  a  lighter  weight  fin-stabilized  rod  launched  by  the  same 
sabots.  A  lower  cost  i  ternatlve  is  to  use  a  flare-stabilized  rod  and  thus 
eliminate  the  high  precision  fins,  but  then  the  similarity  of  night  charac¬ 
teristics  is  more  questionable. 

This  report  presents  the  measured  aerodynamic  coefficients  of  three  long 
rod  projectile  configurations:  fin-stabilized;  a  standard  flare;  and  a  new 
shallow  flare.  Additionally,  Appendix  A  describes  the  predictive  methods  used 
to  estimate  the  aerodynamic  characteristics  of  the  flare-stabilized  prototypes 
and  compares  the  predicted  and  measured  coefficients. 


II.  TEST  "'ROCEDURE 

All  tests  were  conducted  in  the  BRL  ..erodynamlcs  Range.1  The  range  data 
were  fitted  to  solutions  of  the  linearized  equations  of  motion  and  these 
results  used  to  infer  linearized  aerodynamic  coefficients,  using  the  methods 
of  Reference  2.  Various  propellants  and  charge  weights  were  selected  to 
achieve  the  required  test  Mach  numbers.  All  rounds  were  fired  from  a  Mann 
barrel  having  the  same  internal  geometry  a3  the  M2U2  cannon.  Figure  1  is  a 
photograph  of  the  three  training  round  prototypes,  along  with  an  XM881  APFSDS 
projectile  (a  forerunner  of  the  XM919).  The  sabots  used  for  the  test  program 
were  from  a  lot  originally  intended  for  XM881  projectiles.  These  sabots 
incorporate  a  slip  band  obturator,  which  is  designed  to  keep  the  projectile 
roll  rate  below  15  percent  of  full  spin. 

Testing  was  conducted  in  three  stages.  The  f in-stabil lzed  configuration, 
X.M910  FS,  was  test  fired  first.  Figure  2  gives  the  dimensions  and  physical 
properties  of  this  projectile.  The  fins  are  identical  to  those  of  tne 
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XM881 .  The  training  round  rod  has  the  same  basic  shape  as  the  XM881  rod,  but 
It  is  slightly  shorter  and  made  of  steel  instead  of  tungsten,  so  that  it  has  a 
ouch  lower  ballistic  coefficient.  A  total  of  twelve  rounds  were  fired  -  three 
at  the  design  velocity  of  16OQ  ra/s  and  the  rest  at  lower  speeds  to  get  aero¬ 
dynamic  data  over  a  Mach  number  range  of  0.5  to  4.5. 

The  first  flare-stabilized  configuration,  XM910  CS-V1 ,  was  tested  next. 
The  design  of  this  round,  shown  in  Figure  3,  was  loosely  based  on  existing 
flare-stabilized  tank  gun  training  round  designs.’  The  flare  has  a  length  of 
2.67  calibers  (rod  diameters),  and  a  nominal  half-angle  of  15  degrees.  It  is 
made  of  aluminum  and  the  inside  is  hollow  in  order  to  keep  the  total  round 
center  of  gravity  as  far  forward  as  possible.  The  rod  used  1s  exactly  the 
same  as  the  rod  of  the  fin-stabilized  version,  a  total  of  twelve  rounds  were 
fired  at  a  total  of  five  difierent  Mach  numbers. 

A  trajectory  analysis  of  this  first  flare-stabilized  configuration,  using 
the  measured  drag  and  a  muzzle  velocity  of  1600  meters  per  second,  shewed  that 
the  maximum  range  was  less  than  2000  meters.  The  obvious  conclusion  was  that 
a  much  lower  drag  coefficient  would  be  needed  in  order  to  achieve  the  required 
trajectory  match.  An  analysis  was  then  done  of  the  correlation  of  flare 
geometry  changes  to  changes  in  drag  coefficient.  The  details  of  this  analysis 
are  contained  in  Appendix  A.  The  basic  finding  was  that  by  using  a  small 
flare  angle,  it  was  theoretically  possible  to  make  a  stable,  flare-stabilized 
rod  with  low  enough  drag  to  match  the  XM91 9  trajectory. 

A  new  flare-stabilized  configuration,  XM910  CS-V2 ,  shown  in  Figure  4,  was 
then  tested.  The  rod  shape  was  again  left  unchanged  and  the  flare  design  of 
this  projectile  was  derived  from  the  previously  mentioned  analysis.  The  flare 
length  Is  4.5  calibers,  and  the  half-angle  is  4  degrees.  A  salient  feature  of 
this  design  is  the  similarity  of  the  flare  to  the  fin  assembly  it  replaces. 
This  can  readily  be  seen  by  comparing  the  physical  properties  of  the  XM910  CS- 
V 2  with  those  of  the  XM910  FS  projectile. 


III.  RESULTS 

The  results  will  be  presented  In  two  parts:  first,  the  drag  data  and 
resultant  trajectory  predictions;  and  second,  the  other  aerodynamic  coef¬ 
ficients.  The  drag  results  are  emphasized  because  of  their  immediate  rele¬ 
vance  to  the  training  round  ballistic  requirements:  the  predicted  trajectory 
match  is  based  on  the  drag  data.  The  other  coefficients  are  then  used  to 
determine  static  stability  and  to  estimate  the  relative  aerodynamic  Jump 
sensitivity  of  the  three  configurations. 

1 .  DRAG 

The  measured  drag  coefficients  for  each  of  the  three  round  types  are 

shown  in  Figure  5.  The  actual  measured  values  are  given  In  Tables  1  through 
3.  The  resultant  trajectory  predictions  will  be  discussed  separately  for  each 
prototype. 

The  XM910  FS  training  round  13  designed  to  match  the  XM9 1 9  when  fired 

with  a  muzzle  velocity  of  l 600  m/s.  The  measured  drag  coefficient,  Figure  5, 

was  used  to  compare  the  predicted  trajectory  of  this  round  with  the  XM9i  ') 
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trajectory,  and  tne  resultant  trajectory  comparison  is  shown  in  Figure  6.  The 
y-axis  of  this  plot  is  height  in  meters  and  the  x-axls  is  downrange  distance, 
also  in  meters.  The  quadrant  elevation  is  set  for  the  XM919  trajectory  at 
2000  meters.  Both  rounds  are  "fired"  with  this  same  quadrant  elevation  and 
the  predicted  trajectories  are  plotted,  along  with  the  ♦/-  1  milllradian 
limits.  The  maximum  trajectory  mismatch  of  -0.41  mllllradlans  occurs  at  2000 
meters,  and  the  maximum  range  of  this  round  was  predicted  to  be  7116  meters. 
Thus,  the  XM910  PS  projectile  fulfills  all  of  the  training  round  ballistic 
requirements. 

The  drag  for  the  XM910  CS-V1  standard  flare  was  much  higher,  as  shown  in 
Figure  5.  A  trajectory  comparison  with  the  XM91 9  is  shown  in  Figure  7,  using 
a  muzzle  velooity  of  1600  m/s.  The  drag  is  so  high  that  the  round  falls  below 
the  1  milllradian  limit  at  approximately  700  meters,  and  the  maximum  range  is 
only  1760  meters. 

The  XM910  CS-V2  drag  is  much  closer  to  that  of  the  fin-stabilized 
round.  The  trajectory  of  this  shallow  flare  projectile  is  compared  with  the 
XM919  in  Figure  8,  again  using  a  muzzle  velocity  of  1600  m/s.  Since  the  pre¬ 
dicted  trajeotory  mismatch  at  2000  meters  is  -1.93  mllliradl ans ,  this  round 
does  not  meet  the  training  round  ballistic  requirements.  However,  the 
improvement  over  the  CC-Vi  performance  is  significant. 

All  of  the  measured  drag  data  was  for  rounds  without  tracers.  Since  a 
visible  traoe  is  one  of  the  training  round  requirements,  the  expected  effect 
of  a  traoer  on  the  drag  needs  to  be  examined.  This  effect  would  be  minimal 
for  the  fin-stabilized  configuration  because  of  the  small  base  area  and 
proportionately  low  base  drag.  Although  the  tracer  efTect  would  be  much 
larger  for  the  15-degree  flare,  the  total  drag  of  this  round  is  so  large  that 
even  if  the  base  drag  were  completely  eliminated,  the  drag  would  still  be  too 
high  for  the  training  round  ballistic  requirements. 

This  is  not  the  case,  however,  for  the  XM910  CS-V2  shallow-angle  flare. 
At  high  Maoh  numbers,  approximately  half  of  the  total  drag  is  base  pressure 
drag  for  this  configuration.  Recent  tests  of  25  mm  spin-stabilized  pro¬ 
jectiles  showed  that  a  high  mass  flow  tracer  was  capable  of  reducing  the  base 
drag  by  up  to  50 1> ,  If  suuh  a  tracer  could  be  put  In  the  hollow  flare  cavity, 
a  similar  base  drag  reduction  should  oacur.  Figure  9  shows  the  predicted 
effect  on  the  drag  curve  of  such  a  tracer.  This  plot  includes  the  non-traced 
drag,  the  predicted  traced  drag,  and  the  fin-stabilized  drag  for  comparison. 
The  sharp  rloo  in  drag  at  Mach  2  is  di-e  to  tracer  burnout,  and  helps  to  limit 
the  maximum  range  of  the  round.  The  magnitude  of  the  drag  coefficient  during 
traoe  burn  Is  very  close  to  that  measured  for  the  fin-stabilized  projectile. 
Figure  10  shows  a  trajectory  comparison  to  the  XM919  using  this  predicted 
drag.  The  maximum  mismatch  Is  +0.19  mllllradlans  and  the  maximum  range  Is 
6350  meters.  Figure  11  Illustrates  the  maximum  range  characteristics  of  ail 
of  the  XM910  configurations.  For  thl3  plot,  each  round  is  "flrec"  at  the 
quadrant  elevation  that  will  yield  maximum  range  for  that  round,  The  pre¬ 
dicted  trajectories  are  3hown,  Indicating  that  the  maximum  range  requl rement 
will  not  be  a  Droblem  for  any  of  the  configurations. 

2.  AERODYNAMIC  PERFORMANCE 

ihe  measured  aerodynamic  coefficients  are:  3t,atlc  moment  coefficient, 
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lift  coefficient,  pitch  damping  moment  coefficient,  Magnus  moment  coefficient 
and  static  margin.  The  measured  valuos  are  given  in  Tables  1  through  3,  and 
each  coefficient  is  diccussed  in  detail  in  the  following  paragraphs.  The 
tables  contain  all  of  the  data  that  was  ODtained,  although  the  accuracy  with 
which  some  of  the  coefficients  were  determined  is  marginal.  The  plots  of  the 
coefficients  Include  curves  that  are  Judged  to  be  a  best  estimate  of  the  data 
trends,  based  on  past  experience.  There  is  a  significant  amount  of  scatter  in 
the  data,  most  of  which  is  due  to  variations  in  yaw  levels  for  individual 
shots.  The  plotted  coefficients  are  not  corrected  for  yaw  effects  because 
there  were  not  enough  data  points  to  make  this  correction. 

The  static  moment  coefficient  as  a  function  of  Mach  number  is  presented 
in  Figure  12.  For  static  stability,  it  Is  desirable  that  this  coefficient 
have  a  large  negative  value.  At  the  launch  Mach  number  of  4.5,  the  15-degree 
flare  has  the  largest  negative  value,  followed  by  the  fin,  with  the  4-degree 
flare  having  the  smallest.  An  interesting  aspect  of  the  plot  is  that  the 
static  moment  coefficient  remains  relatively  constant  with  Mach  number  for  the 
flares,  but  shows  a  large  variation  for  the  fin-stabilized  prototype.  This 
difference  in  the  data  trends  is  Indicative  of  the  fact  that  flares  and  fins 
are  not  aerodynamlcally  alike.  Thi3  may  or  may  not  be  a  problem  when  trying 
to  match  the  trajectory  of  a  fin-stabilized  round  with  a  flare-stabilized 
training  round. 

The  data  for  the  lift  coefficient,  Figure  13.  are  similar  to  that  of  the 
static  moment  coefficient.  The  4-degree  flare  has  the  lowest  lift  coef¬ 
ficient,  the  15-degree  flare  has  the  highest,  and  at  launch,  the  fln- 
stablllzed  design  falls  between  the  two.  Additionally,  the  trend  Is  the  same 
as  for  the  static  moment  coefficient,  i.e.,  going  from  a  4-degree  flare  to  15 
degrees  increases  the  lift  coefficient.  A  high  lift  coefficient  is  not  neces¬ 
sarily  desirable,  but  is  usually  required  in  order  to  get  a  large  negative 
static  moment  coefficient. 

The  static  margin  is  essentially  a  ratio  of  the  moment  coefficient  over 
the  lift  coefficient,  so  the  trends  mimic  those  of  its  component  parts.  Figure 
14.  A  round  is  usually  considered  to  be  rtatlcally  stable  if  the  static 
margin  is  greater  than  0.5  (Appendix  A).  The  three  configurations  tested  are 
statically  stable  at  all  Mach  numbers,  and,  at  launch,  the  1 5-degree  flare  is 
the  most  stable. 

The  pitch  damping  moment  coefficient  variation  with  Mach  number  is  given 
in  Figure  15.  Here  the  trends  are  different.  The  4-degree  flare  design  has 
the  smallest  values  of  pitch  damping,  followed  by  the  15-degree  flare  values, 
with  the  fin-stabilized  design  having  the  best  pitch  damping  character¬ 
istics.  Rough  estimates  of  the  variation  of  pitch  damping  with  yaw  indicate 
that  the  pitch  damping  moment  coefficient  at  launch  Mach  numbers  is  approxi¬ 
mately  -150  for  the  4-degree  flare,  -200  for  the  15-degree  flare,  and  -350  for 
the  fi n-3tabll ized  design. 

The  Magnus  moment  character istics  of  the  three  configurations  are  plotted 
in  Figure  ’6.  Roll  data  were  not  taken  for  any  conf  iftur  ation  tested,  so  the 
given  values  are  based  on  the  roll  history  deduced  from  the  yaw  reduction. 
The  fin-stabilized  design  has  a  strong  negative  Magnus  moment  coefficient, 
whereas  both  of  the  flare-stabilized  configurations  have  coefficients  of  lower 
absolute  value.  Variations  of  Magnus  with  yaw  indicate  that,  for  low  yaw, 
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both  of  the  flare-stabilized  designs  have  Magnus  moment  coefficients  close  to 
zero.  This  is  because  a  flare  is  a  compression  surface,  which  tend3  tc  retard 
boundary  layer  growth  on  the  flare  portion  of  the  projectile.  The  fin- 
stabilized  design  exhibits  the  apparent  Magnus  moment  caused  by  rolling 
fins.  It  is  desirable  to  have  a  Magnus  moment  coefficient  with  a  low 

absolute  value,  and  all  three  of  the  training  round  prototypes  fulfill  this 
criterion. 


IV.  CONCLUSIONS 

Of  the  three  configurations  tested,  only  the  fin-stabilized  version  ful¬ 
fills  the  training  round  ballistic  requirements.  The  15-degree  flare  was 
found  to  have  ample  stability,  but  the  drag  was  too  high.  The  4-degree  flare 
reduced  drag  significantly,  but  stilx  did  not  meet  the  ballistic  requirements 
in  the  untraced  configuration.  However,  predictions  have  shown  that  tne 
addition  of  a  high  mass  flow  tracer  to  this  round  would  provide  sufficient 
drag  reduction  for  an  excellent  t  ajectory  match  with  the  XM919,  while 
fulfilling  the  maximum  range  requirement. 

Although  the  4-degree  flare  was  shown  to  be  stable  in  flight,  some  of  the 
measured  aerodynamic  coefficients  were  found  to  be  significantly  different 
from  those  of  the  fin-stabilized  training  round  version,  which  is  assumed  to 
be  aerodynamically  similar  to  the  service  round.  However,  the  data  indicate 
that,  if  required,  a  flare-stabilized  round  can  be  designed  having  similar 
aerodynamic  characteristics  to  those  of  a  fin-stabilized  design  at  launch 
conditions.  A  conf iguratlon  that  is  suggested  by  the  measured  data  would  have 
a  flare  angle  somewhere  between  4  and  15  degrees  and  a  flare  length  between 
2.7  and  4.5  calibers.  At  launch,  such  a  design  would  have  a  static  moment 
coefficient,  lift  coefficient,  and  static  margin  very  close  to  those  of  the 
fin-stabilized  design.  However,  this  "moderate  flare"  would  3tiil  have  a 
lower  pitch  damping  moment  coefficient  than  the  f inner.  To  first  order,  this 
means  that  the  moderate  flare,  when  compared  to  the  fin-stabilized  design, 
3hould  have  the  same  yaw  frequency  and  aerodynamic  Jump  sensitivity.  The  low 
pitch  damping,  however,  would  result  in  a  slower  yaw  decay  with  downrange 
distance . 

The  implication  cf  these  results  ia  that  both  the  drag  and  aerodynamic 
performance  requirements  of  the  training  round  can  be  met  with  flare- 
stabilized  designs.  It  is  not  clear,  however,  that  both  the  drag  and  per¬ 
formance  goals  can  be  achieved  by  the  same  conf iguratlon.  The  4-degree  XM910 
CS-V2  comes  close,  but  has  some  differences  in  aerodynamic  coefficients.  The 
significance  of  these  differences  in  terras  of  Jump  and  dispersion  must  be 
determined  by  test  firings. 


V.  RECOMMENDATIONS 

The  concept  of  using  a  small-angle  flare  as  a  stabilization  mechanism 
should  be  investigated  further.  Testing  needs  to  be  done  in  order  to  deter- 

^  ^  r  rt  A  \  anand  !  r.n  Op  i  *0?^ 

of  a  high  mass  flow  tracer'  on  drag. 

If  a  larger  static  margin  is 


of  the  round  as  well  as  the  actual  effect 


required  ;n  order  to  compensate  for  tne 


additional  weight  of  the  tracer  and/or  to  reduce  dispersion,  then  other  flare 
configurations  will  need  to  be  examined.  It  may  be  possible  to  use  a  biconic 
flare  to  get  the  desired  balance  between  drag  and  stability. 

There  is  no  apparent  reason  that,  a  small-angle  flare  cannot  be  used  on 
larger  caliber  (i.e.  tank  gun)  training  rounds  as  well.  Since  aerodynamic 
coefficients  are  dimensionless,  the  results  of  this  report  should  be  directly 
applicable  to  a  larger  round  with  the  same  aerodynamic  shape,  with  no  more 
than  miner  adjustments  for  Reynolds  number  effects. 
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TABLE  1.  Aerodynaml<  Coefficients  Sf  the  XH9>0  ES  Projectii 
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TABLE  3.  AertxJrMnlc  Coefficients  of  U*  1*910  CS  T2  Projectile 
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:jure  1 .  Photograph  of  (left  to  right)  XH881,  XM9I0  FS,  XM910  CS-V1 ,  and  XH9I0  CS-V2. 
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irojectile.  dimensions  and  physical  properties 


Pigur#  5.  CoofficUnt  of  Jrtg  v»r»u»  Mach  number. 
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Figure  6.  Trajectory  comparison  of  XM910  FS  with  XMyi'J. 
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«  7.  Trajectory  comparison  of  XM910  CS-V1  with  XM919. 
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f: i (jure  8 .  Trajectory  comparison  of  XM910  CS-V2  wj  r.h  X.M91lJ . 
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Figure  10*  Trajectory  comparison  of  XM910  CS-V2-T  with  XM919 . 
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Figure  11. 


Predicted  maximum  range  trajectories. 
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APPENDIX!  DRAG  AND  STATIC  MARGIN  ESTIMATES 


Test  firings  of  a  flare-stabilized  projeotile  (XM910  CS-V1),  showed  that 
the  drag  of  this  configuration  was  too  high.  Thus  BRL  decided  to  examine  the 
possibility  of  designing  a  flare  configuration  with  low  enough  drag  to  meet 
the  training  round  requirements  without  losing  stability.  Several  problems 
had  to  be  resolved  before  the  feasibility  of  this  approach  oould  be  deter¬ 
mined. 

The  first  problem  was  to  establish  the  maximum  allowable  drag  for  a 
projectile  of  this  configuration  given  the  training  round  requirements.  This 
problem  was  approaohed  by  assuming  that  the  basio  shape  of  the  drag  ourve 
would  remain  similar  to  that  of  the  XM910  CS-V1 .  An  Iterative  approaoh  was 
then  used,  where  drag  curves  of  varying  amplitudes  were  used  as  input  for 
trajectory  comparisons  with  the  XM919.  The  resultant  maximum  drag  ourve  and 
its  corresponding  trajectory  prediction  are  shown  in  Figures  Ai  and  A2, 
respeotively. 

The  next  problem  was  now  to  correlate  changes  in  drag  ana  stability  with 
changes  in  flare  geometry.  A  fast  and  relatively  aoourate  prediction  method 
was  required.  Three  methods  were  investigated  -  a  Naval  Surface  Weapons 
Center  (NSWC)  code,5  the  Missile  DATCOM  Code,  and  MoDrag.  All  three 
methods  were  run  using  the  geometry  of  the  tested  I5**degree  flare  as  input, 
and  the  predloted  drag  curves  were  oompared  with  the  measured  data.  This 
comparison  is  shown  as  Figure  A3.  As  oan  be  seen,  the  NSWC  oode  yields  the 
best  drag  prediotlon,  with  McDrag  as  a  close  second.  However,  the  large 
variation  of  the  predloted  drag  curves  was  somewhat  surprising  for  auoh  a 
simple  projeotile  shape.  A  oloaer  examination  of  the  predloted  components  of 
axial  foroe  showed  that  the  largest  variation  between  methods  was  in  the  base 
pressure  drag  prediotlon.  This  Is  illustrated  by  Figure  AM ,  which  is  a  plot 
of  eaoh  method's  predloted  total  drag  minus  the  predloted  base  drag,  with  the 
measured  total  drag  lnoluded  for  reference.  The  oonslstenoy  of  these  drag 
predictions  implies  that  almost  all  of  the  variation  in  total  drag  is  due  to 
differences  In  estimations  of  base  drag.  Furthermore,  the  differenoo  between 
the  measured  total  drag  and  these  predictions  should  be  a  good  measure  of  the 
actual  base  drag,  assuming  the  oomputed  values  of  forebody  drag  are  correct. 

Figure  AS  is  a  plot  of  the  measured  and  predloted  oenter  or  pressure  (CP) 
looatlon  versus  Maoh  number.  Slnoe  MoDrag  doeo  not  make  this  prediction,  only 
the  otner  two  codes'  results  sre  shown.  Again,  the  NSWC  oode  makes  the  more 
aoourate  prediotlon.  Since  the  NSWC  oode  was  found  to  be  most  acourate  for 
both  drag  and  CP  looation,  it  was  chosen  to  be  used  for  the  analysis. 

Now  that  the  required  drag  was  known  and  a  predictive  method  was  avail¬ 
able,  the  next  problem  was  to  determine  exeotly  how  the  flare  length,  flare 
angle,  drag,  and  stability  are  related,  This  was  dono  using  a  two-part  para- 
oietrlo  analysis.  First,  the  NSWC  oode  was  run  for  all  possible  combinations 
of'  flare  half-angles  of  5.0,  7.5,  10.0,  12.5,  and  15.0  degrees,  with  flare 
lengths  of'  0.5,  1.0,  1.5,  2.0,  2.5.  and  3.0  calibers.  The  projectile  forebody 
configuration  was  kept  oonstant  In  each  case.  The  predicted  total  drag  was 
then  plotted  at  Mtcn  numbers  of  m,  3  «nU  2,  tho  lower  number  being  the 
expected  velocity  at  2000  meters.  Thess  plots  are  presented  as  Figures  A6a, 
A6b,  and  Abo,  respectively.  Also  shown  on  tnese  plots  Is  a  horizontal  line  at 
the  maximum  allowable  drag,  calculated  earlier.  These  graphs  were  then  used 
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to  determine  th*  maxiaian  length  for  each  flare  angle  that  would  meet  the  drag 
SltlrU.  H«ur.  *7  .ho™  th.  r.l.tlv.  .l.«  or  th...  lo^-dr.g  *r«.  with 
the  teeted  configuration  Included  for  comparison.  With  the  exception  of  this 
tested  configuration,  all  of  the  rounds  in  the  figure  have  essentially  the 
same  drag,  even  though  the  flare  shapes  are  radically  different. 

for  the  aeoond  pert  r>t  the  analysis,  the  qualifying  configurations  were 
analyzed  for  stability.  The  oenter  of  gravity  (CG)  location  of  each ‘  Pro¬ 

jectile  was  oalouleted,  baaed  on  the  projectile  geometry  and  material  densl 
ties.  The  NSWC  code  was  then  run  for  each  of  the  low-drag 
and  the  CP  location  was  predicted.  The  distance  of  the  CP  behind  the  CG 
(statio  margin)  was  plotted  against  Mach  number  for  each  low-drag  shape, 
included  as  Figure  A8.  Theoretically,  a  round  of  this  type  is  statically 

stable  if  the  static  margin  la  positive.  However,  experience  has  shown  that  a 
more  realiatlo  criterion  for  stability  is  to  have  a  statio  margin  of  at  least 
0.5.  Examination  of  Figure  A8  shows  that  only  the  5-degree  flare  oonfi;8^*“ 
tion  is  predicted  to  be  stable  by  this  method,  and  only  marginally  so.  Taking 
into  account  the  fact  that  the  NSWC  code  seems  to  overpredict  the  statio 
margin  (see  Figure  A5) .  the  stability  of  this  flare  becomes  even  more 
questionable.  However,  Figure  A3  also  shows  a  dlstinot  trend:  for  a  Jlven 
drag,  longer,  smaller  angle  flares  are  more  stable.  Based  on  this  trend,  it 
was  decided  to  examine  the  effects  of  using  smaller  flare  angles. 


The  entire  analysis  was  then  repeated  for  flare  half-angles  of  2,  3.  and 
H  degrees.  Figure  A9  shows  the  resultant  static  margins,  including  the  5 
degree  flare.  The  relative  sizes  of  all  the  stable,  low  drag  flares  are 
deploted  by  Figure  A10.  The  4-degre*  configuration  was  ultimate!/  chosen  for 
further  testing  because  it  was  the  shortest  flare  predloted  to  remain  stable 
down  to  Mach  2.  Additionally,  the  length  and  weight  of  this  flare  were  almost 
identical  to  those  of  the  standard  fins.  The  2-  and  3-degree  flares  were  pre¬ 
dicted  to  have  better  static  stability,  but  these  flares  were  suspected  of 
being  structurally  unsound  because  of  their  extreme  length.  A  series  of  test 
firings  of  the  4-degree  flare  design  was  then  conduoted.  Figure  All  shows  the 
drag  predicted  by  eaoh  of  the  three  methods  mentioned  previously,  compared 
with  the  measured  drag.  Figure  A12  again  shows  th*  predloted  values  without 
base  drag,  displaying  th*  same  pattern  dlsouased  earlier.  Finally,  Figure  Ai 3 
compares  the  measured  and  predicted  statio  margin. 
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Figure  A-6a.  Predicted  drag  coefficient  versus  flare  length  (calibers)  at 
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Figure  A-6b.  Predicted  dray  coefficient  versus  flare  length  (calibers)  at 
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Figure  A-6c.  Predicted  drag  coefficient  versus  flare  length  (calibers) 
at  Mach  2. _ _ _ _ 
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Figure  A-7.  Low  drag  flare  conf Iquratlons . 


32 


2.0  deg.,  9.0  cal. 


34 


Figure  A-ll.  Measured  and  predicted  drag  coefficient  versus  Mach  number 


Figure  A-12,  Comparison  of  measured  drag  and  predicted  drag  without  \)d 
drag,  XM910  CS-V2. 
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